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ABSTRACT 

PURPOSE: To largely shorten a processing time as compared with that of 
selective formation by a laser scanning by irradiating an impurity film 
with a patterned high energy beam, and implanting impurity into a substrate 
CO be processed. 

CONSTITUTION: A sample stage 5 is driven in a two-dimensional manner, one 
chip of a semiconductor wafer 6 is positioned to a reticle mask 3, and a 
laser beam is oscillated by an excimer laser oscillator L The intensity 
distribution of this beam is made uniform and enlarged by a horaogenizer 2, 
and the beam is incident to the mask 3, The beam patterned by passing it 
through the mask 3 is contracted to the size to be projected to the one 
chip through a projecting contraction lens 4 and introduced into the one 
chip of the wafer 6. Here, a substrate 10 is melted at the irradiated 
position, and the As of an impurity layer 16 formed on the molten part is 
injected into the substrate. When the laser beam is extinguished, the Si 
substrate 10 is recrystallised, and a chip having a junction layer 18 
containing the impurity can be formed. 
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(74) Agent: Attorney, Hajime INOUE, another 

Is Title of the Invention: Method for injecting impurities 

2. [Scope of Claim] 

A method for injecting an impurity* wherein a film of an impurity is 
formed on a substrate to be processed, thereafter, this impurity is injected by 
irradiating the film of the impurity with a patterned high-energy beam. 

3, (Detailed Description of the Invention] 
[Object of the Invention] 

(Industrial Field of the Invention) 

The present invention relates to a method for injecting an impurity. 
(Description of the Related Art) 

Injection of an impurity into a semiconductor substrate such as silicon is 
performed with an ion injection device, in a circuit patterning step which is one 
of primary manufacturing steps of a semiconductor integrated circuit 
conventionally. 

The impurity tends to be injected into the substrate deeply, because an 
ion injection method using this ion injection device is a method for implanting an 
ion into the semiconductor substrate by accelerating the impurity to inject, that is, 
an ion particle at constant acceleration voltage. 

In recent years density growth and integration growth of a semiconductor 
device are progressing, and for instance, 1 MDRAM is the mainstream as it 
stands, but in the near future it seems to transform it into 4 MDRAM, 16 
MDRAM and 64 MDRAM sequentially. And a condition about width "W" and 
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depth "D" of implanting the impurity of each DRAM becomes harder as a degree 
of the integration increases, and it is shown below. 
1 MDRAM : W=l .2 fim 

D=0*2~ 0.3 it m 
4 MDRAM : W=0.8 ix m 
D=0.2/im 
16MDRAM : W-0.5 1± m 

D=0.1 ~<U5jum 

And in the ion injection device as described, mass production is possible up to 4 
MDRAM, but realizing production of 16 MDRAM is questioned, and producing 
the semiconductor device with the high degree of the integration at least 64 
MDRAM is difficult. 

Consequently a laser doping method draws attention as a preferable 
method for forming shallow junction for a source, a drain and the like of the 
high-density semiconductor device instead of the ion injection device as above. 

This laser doping method is still not realized, however this is in theory 
how an impurity is injected into a semiconductor substrate by irradiating a 
semiconductor surface such as silicon with a laser beam so as to be melted and be 
recrystallizcd, and this attracts attention because the impurity can be injected 
more shallowly than with the ion injection device. 
[Problem to be solved by the Invention] 

In realizing the laser doping as described above, such a method that 
many impurity injection positions in each chip of a semiconductor wafer are 
selectively irradiated by scanning with the laser beam and the step is performed 



I 4 V i Vfc V ✓ ./ V * ✓vvv- 



4/9 

for every chip in the wafer is presented to the academy and the like* 

However, generally one chip has as many as million ion injection 
portions and a 6-inch wafer has as many as 200 chips, therefore several hours is 
required for processing a semiconductor wafer when impurity injection is 
5 performed by the scanning method like this, and thus, this method is unsuitable 
for mass production. In addition, there is such a problem that a device glows in 
size and in complexity because a scanning optical system of a laser beam is also 
required. 

It is an object of the invention to solve the conventional problem as 
10 described above, to carry out the laser doping relatively for short time, and to 
provide an impurity injection method which can make the constitution easy. 
[Constitution of the Invention] 

(Means for Solving the Problem) 

The present invention is an impurity injection method in which an 
15 impurity is injected into a substrate to be processed by irradiating the film of the 
impurity with a patterned high-energy beam, after forming a film of the impurity 
on the substrate to be processed. 

(Operation) 

The method of the present invention is characterized in that the injection 
20 of the impurity can be effected for short time by irradiating with the patterned 
high-energy beam. 

(Embodiment) 

Hereinafter, an embodiment applying a method of the present invention 
in the case of injecting an impurity into each chip of a semiconductor wafer is 
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concretely described with reference to drawings. 

At first, an impurity injection device is described as follows. An 
excimer laser oscillator 1 which emits a high-energy beam of 1 j/cm at 
wavelength, for instance, in an ultraviolet range of 308 nm as a laser light source 
is equipped. The beam emitted from this excimer laser oscillator 1 is inputted 
into a homogenizer 2 so as to regulate a size of the beam and is formed so that 
intensity distribution becomes homogeneous* That is, the intensity distribution 
of the excimer laser is rectangular-shaped, and in addition, it is distributed with 
Gaussian distribution, therefore the homogenizer 2 forms a shaped beam of the 
desired size, using two groups of cylindrical lenses for a parallel beam, which are 
generally orthogonal to each other, or using a fly-eye-lens for homogenizing light 
distribution. 

The beam that has passed through the homogenizer 2 becomes a 
patterned beam which filters through an only region equivalent to the impurity 
injection region by passing through a reticle mask 3, This reticle mask 3 is 
constituted by forming a film of chrome in a region which prevents the laser 
beam from filtering on a Si0 2 substrate, by EB lithography or the like, and at 
least the whole region (for instance, million parts) which the impurity in one chip 
of a semiconductor wafer is injected into is formed as a transmission pattern. In 
addition, the pattern of this reticle mask 3 is formed, expanding about five times 
as large as one chip of the semiconductor wafer. 

A reduced projection lens 4 is equipped for scaling down and projecting 
the beam patterned by passing through this reticle mask 3 to one chip of the 
semiconductor wafer, and a sample setting stage 5 such as a X-Y stage which 
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enables at least X-Y movement or movement in the 9 direction is equipped 
below this lens 4, and a semiconductor wafer 6 which is a substrate to be 
processed is equipped and supported on this sample setting stage 5. 

Next, one of the methods according to the present invention using the 
5 impurity injection device as above is described referring to Fig. 2. 

Fig, 2 (A) shows a cross-sectional surface of NMOS of a semiconductor 
wafer before a process, and on a Si substrate 10, SiOj layers 12 and 12 are 
formed on both sides thereof and polycrystalline Si 14 which becomes a gate 
electrode is formed in a central part thereof. 
10 At first, a thin film of the impurity is required to be formed as the first 

Step, and a thin film 16 of As which is an impurity in the case of NMOS, with a 
thickness of about 100 A, is formed, for instance, by CVD or the like (ref. Fig. 2 
(B)). 

Next, an impurity injection step using the impurity injection device is 
1 S carried out. 

At first, one chip of the semiconductor wafer 6 is positioned for the 
reticle mask 3 by two-dimensional driving of the sample setting stage 5, and after 
finishing the positioning, a laser beam is oscillated from the excimer laser 
oscillator 1. 

20 And so, this beam, whose intensity distribution is homogenized and 

expanded by the homogenizer 2, enters into the reticle mask 3. The reticle mask 
3 transmits the laser beam corresponding to the each impurity injection position 
in one chip by transmission pattern which is expanded the range of five times as 
large as one chip of the semiconductor wafer. 
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The beam patterned by passing through this reticle mask 3 is scaled down 
to the size enough to project it on one chip by the reduced projection lens 4, and 

then is led into one chip of the semiconductor wafer. 

If the laser beam has laser energy of 500 mj/cm 2 or more, an irradiated 
position of the Si substrate 10 is melted and then As of a impurity layer 16 
formed on the melted portion enters inside of the substrate. 

And the Si substrate 10 is recrystallLzed on quenching of the laser beam, 
a chip having a junction layer 18 including the impurity can be formed as shown 
in Fig- 2 (C). In addition, Fig. 2 (C) shows a condition that the impurity layer 
1 6 is removed thereafter 

At this time, As is not melted into a portion of a Si layer, which is not 
irradiated with the laser beam, therefore selective formation of the impurity can 
be realized with the beam patterned by the reticle mask 3. 

And thereafter, the junction layer 18 of As can be formed on a chip of 
whole faces of the semiconductor wafer S (sic, 6), while sequentially moving the 
sample setting stage 5, for instance, step-driving these operations of 
step-and-repeat every one chip- 
In these methods by using the reticle mask 3, 1 second is enough for the 
time needed to process for one chip including a positioning time, if the pulse 
oscillation excimcr laser oscillates every 10 ms and one chip is irradiated with a 
laser of 10 pulse, it takes about 200 seconds to process 200 chips as a process 
time in the case of a 6-inch wafer. Therefore, the process time is reduced 
drastically compared to the conventional laser scan method, and an enhancement 
of throughput can be secured in putting the laser doping method to practical use. 
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In addition, the present invention is not limited to the embodiment as 
described, but various modifications are possible within the scope of a 
subject-matter of the present invention. 

For instance, in the embodiment described above, the semiconductor 
wafer 3 in particular in the case of the NMOS, is described as an example, but the 
present invention can be also adapted similarly for the other various substrates to 
be processed, which is needed to inject the impurity* 

And a beam source to irradiate with a high-energy beam is not limited to 
the excimer laser oscillator as long as it can melt a substrate to be processed into. 

Additionally, in the present invention, the thin film of the impurity is 
required to be formed on the substrate to be processed, and several film 
formation methods besides the CVD can be adopted as a method for forming the 
thin film of the impurity* 
(Effect of the Invention) 

Thus described, in the method of the present invention, the process time 
can be reduced drastically compared to a method for selectively forming with the 
laser scan, because the film of the impurity on the substrate to be processed is 
irradiated with the patterned high-energy beam. 
4. [Brief Description of the Drawings] ^ 

Fig. 1 is a schematic explanatory diagram for explaining one 
embodiment of the impurity injection device to realize a method according to the 
present invention. 

Fig. 2 is a schematic explanatory diagram for explaining one 
embodiment with a method according to the present invention* 
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1 . laser source 

2. homogenize* 

3. reticle mask 

4. reduced projection lens 
3. sample setting stage 

6. substrate to be processed 
16- impurity layer 
18. junction layer 

Agent: Attorney, Hajime INOUE, (another) 
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